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in a given structure is such as to make the strain energy a minimum. The strain 
energy of the entire system given as a function of the unknown redundant quantities 
can be partially differentiated with respect to a given redundant reaction and then 
set equal to zero. These supplementary relations, together with the basic equations 
of equilibrium, are finally used in the evaluation of all the external forces and 
couples. 

Before considering any stresses or deflections in a given structure, it is essential 
to establish whether we are dealing with a statically determinate or indeterminate 
system. To illustrate the method of tackling such problems, two elementary cases 
will now be examined in some detail. 


PROPPED CANTILEVER 

A beam of length L shown in Fig. 8.1 is built in at one end and simply supported 
at the other. It carries a concentrated load of a given magnitude W at a distance 
a from the right support, producing unknown reactions R x and R 2 and a fixing 
couple M 0 . Applying the equations of static equilibrium to this beam gives 

W = R 1 +R 2 (8.1) 

M 0 = R 2 L - Wa (8.2) 

Obviously, these conditions are not sufficient for the solution because there are three 
unknown quantities in the two equations. It is therefore necessary to supplement 
the equations of equilibrium with the expression for elastic strain energy due to 
bending. The effect of shear may generally be ignored when beam thickness is 
small compared with the length between the supports. 

The elastic equation can be set up on the basis that at a rigid support the 
displacement in direction of R x must be equal to zero. Consequently, the expression 
for strain energy of bending for a portion of the beam is 



Fig. 8.1 Model of propped cantilever. 



